The present study was aimed at developing an attitude scale and then use it to reveal the attitude of mathematical gifted students' attitude towards mathematics. In the first phase of the study, an attitude-scale (AS) towards mathematics were designed using the psychometric approach. The AS was composed of seventeen items aimed to measure four factors of attitude: confidence, perceived value of mathematics, interest and commitment, and negative feelings towards mathematics. The AS was piloted with 50 students of a junior secondary III (JS3). Alpha of the AS was found to be 0.93, and the construct validity with the four-factor structure was confirmed with AGFI = 0.99.
Introduction
The IQ definition simply defines "giftedness" as top performance in standardized intelligence tests. The IQ definition is perhaps the most well known definition, and has its origin in the 1920s when the famous American psychologist Lewis Terman identified 1528 children with Stanford-Binet IQ scores above 135, the upper one percent, and did some historical longitudinal studies about gifted children later. Following from this psychometric tradition, many clinical and educational psychologists describe a child as "gifted" if his/her IQ score is found to be above a certain number, usually 130 or 135. According to the psychometric IQ definition, a point is set on the IQ scale, and persons scoring above that point are classified as "gifted". Usually 130 is the cut-off point, equivalent to the 97.9th percentile on a standardized intelligence test with a standard deviation of σ = 15.
Based on Marland (1972) , the U.S. Office of Education defined gifted and talented as follows:
"Gifted and talented children are those identified by professionally qualified persons who by virtue of outstanding abilities are capable of high performance. These are children who require differentiated educational programs and services beyond those normally provided by the regular school program in order to realize their contribution to self and society. Ridge and Renzulli (1981) argued that the above Federal definition of gifted and talented does not include nonintellective (motivational) factors. Renzulli (1986) thus proposed his three-ring model of giftedness. The three-ring model of giftedness defines giftedness as the interaction of task commitment, creativity, and above average ability. This highlights the importance of affective elements, such as interest and persistence, in the development of giftedness. The present author also regards affective elements as highly important, and so has included attitude in the present study of mathematical giftedness.
According to Davis and Rimm (1998) , there is no single universally-accepted definition of "gifted," or "giftedness". Consequently, there is no one universally accepted definition of mathematical giftedness. The achievement test definition simply defines 'mathematical giftedness' as top performance in standardized mathematical achievement tests or ability tests. This might set a fixed proportion of the school children as gifted. The percentage figure may be a generous one from 15% to 20%, or a more restrictive one, from 1% to 5%. Researchers have provided another well-known example of using standardized mathematical achievement tests to define mathematical giftedness. For more than twenty years, they investigated extreme mathematical talent, as defined by very high SAT scores in mathematics. Some controversial findings, such as many more males than females scored above 700 on the SAT-M examination have been obtained (Benbow, 1991; Stanley, Keating & Fox, 1974) .
Some have proposed using achievement tests, together with IQ scores as providing a composite criterion for identifying mathematical giftedness. As Miller (1990) pointed out, 'IQ test results often yield valuable information and may provide clues to the existence of mathematical talent.'
In many gifted programs in the USA, both achievement tests and IQ tests are considered valid criteria to identify mathematical giftedness. For example, in Indiana of the USA, it is stated that a student should be M-HA (of mathematically high ability) if the child is designated 'High Ability -General Intellectual' (e.g. has scored two standard deviations above the mean, minus the standard error of measurement, on an individual standardized intelligence test or a standardized group intelligence test.). Additionally, any other student should have this designation of M-HA if the child, in the past 24 months, performed at or above the 93 The combination of IQ tests and achievement tests is the usual method of identifying mathematically gifted students who possess good potentials to do well in mathematics yet cannot perform satisfactorily in traditional examinations or in the school context. For example, Lau and Chan (2001) also used intelligence test (RAVEN's SPM) and a mathematics achievement test (the school examination) together to identify gifted underachievers in mathematics.
According to the Cambridge Advanced Learner's Dictionary (Cambridge University Press, 2003), attitude means "a feeling or opinion about something or someone, or a way of behaving that is caused by this". It could thus be infered that attitude towards mathematics can be defined as "a feeling or opinion about mathematics or learning of mathematics, or a way of behaving that is caused by this." The Prentice Hall Online Glossary (2006) defines attitudes as "the positive, neutral, or negative feelings a person has about the economy, politics, goods, services, institutions, and so on." That is it could be infered that attitude towards mathematics means "the positive, neutral, or negative feelings a person has about mathematics or the learning of mathematics." Both definitions draw attention to how "attitude" is concerned with "feelings".
Renzulli's (1998) three-ring conception of giftedness defined giftedness as the interaction of above average ability, creativity and task commitment. This highlights the importance of non-intellective elements, such as interest and persistence, in the development of giftedness. Renzulli defines the following "taxonomy" of behavioral manifestations of task commitment.
"The capacity for high levels of interest, enthusiasm, fascination, and involvement in a particular problem, area of study, or form of human expression. -The capacity for perseverance, endurance, determination, hard work, and dedicated practice. Self-confidence, a strong ego and a belief in one's ability to carry out important work, freedom from inferiority feelings, drive to achieve. -The ability to identify significant problems within specialized areas; the ability to tune in to major channels of communication and new developments within given fields. Setting high standards for one's work; maintaining an openness to self and external criticism; developing an aesthetic sense of taste, quality, and excellence about one's own work and the work of others". (p. 18) .
From the above, we see that task commitment is closely related to attitude. Gifted people hold more positive attitudes (or feelings) towards a challenging task. They tend to be more interested in the task, have more self-confidence in their ability to perform the task well, and are more willing to spend time on the task than "non-gifted" people.
There are many studies that support Renzulli's view about the importance of task commitment and attitudes. For example, McCoach and Siegle (2001) compared 122 gifted achievers with 56 gifted underachievers in 28 different high schools. They found that gifted underachievers differed from achievers on four factors: attitudes toward teachers, attitudes toward school, goal valuation, and motivation/self-regulation. This supports the importance of attitudes in the development and expression of giftedness. Fennema and Sherman (1976) constructed an attitude scale for mathematics, which has become "one of the most popular instruments used in research over the last three decades" (Tapia & Marsh II, 2004) . The scale consists of nine subscales:
(1) Attitude Toward Success in Mathematics Scale, (2) Mathematics as a Male Domain Scale, The Fennema-Sherman scale assesses many aspects of a student's feelings towards mathematics and the learning of mathematics. However, the original Fennema-Sherman scales were too long, and time-consuming, to be used in the present study. In addition, the wording of items on the original scales was, in many cases, unsuitable ---linguistically and culturally ---for Nigerian primary school children. So instead of directly using the original scale, the present author modified the scales that Fennema & Sherman had developed, and validated the scales again.
Under the current policy of inclusive education, schools are encouraged to design and implement school-based gifted curriculum to cater for the special needs of gifted schoolchildren. This is important to gifted pupils in developing their potentials, and also important to society as a whole since gifted pupils may make enormous contribution to society if they are suitably supported.
As regard to the identification of mathematically gifted pupils, the problem is very controversial. In Nigeria, National Examinations Council (NECO) is saddle with the responsibility of conducting a yearly examination which is used in selecting gifted student for gifted programs in the gifted school that is located at Suleja Niger State. However, Cai (1995) found that pupils good at solving routine mathematics problems are not necessarily good at solving non-routine mathematics problems. Empirical evidence also shows the existence of gifted underachievers who are high in cognitive ability but fail to attain the scholastic level as predicted by their abilities (Colangelo, Kerr, Christensen, & Maxey, 1993; Lau & Chan, 2001; Vlahovic-stetic, Vidovic, & Arambasic, 1999) . Therefore, one cannot rely solely on school examinations or the NECO yearly examination in identifying mathematically gifted school children because most of the examinations consist mainly of routine problems. If we regard mathematically gifted pupils as those excelling in mathematics problem solving, especially of non-routine problems that ask for higher order thinking and creativity, then it should be more valid to use non-routine problems (Krutetskii, 1976) .
So for school-based gifted education to be successful, there is a need for teachers to understand more of the non-routine methods of assessment and the real abilities of mathematically gifted children for more effective identification and curriculum design strategies. Besides cognitive abilities, teachers should also understand more the attitudes of their pupils, such as interest and motivation, when selecting pupils for gifted programs. This explains why the present author did the study.
The main objective was to investigate the psychology of mathematically gifted school children, affective aspects. The findings of which should be useful to teachers when they identify gifted pupils and develop school-based gifted programs. The specific objective of the study are as follow:
1. To design and validate an attitude scale for assessing the attitudes students towards mathematics; 2. To use the validated instruments to measure pupils' attitude towards mathematics in some representative samples of mathematically gifted and non-gifted students as identified by the researcher.
Research Hypotheses
1. The differences between the mean score of the gifted group and that of the non-gifted group in overall attitude towards mathematics would not be significantly greater than zero.
2. The differences between the mean scores of the gifted group and those of the non-gifted group in each of the four componential attitudes would not be significantlydifferent.
Method

Population and sample
The population for the study was made up Junior Secondary Three students (JS3) in the Osun East Senatorial constituency. The study sample was made up of 300 (125 boys and 175 girls) JS 3 students from ten randomly selected Junior Secondary Schools (JSS) from the Senatorial constituency. 30 students were randomly selected from each of the 10 JSSs. Sixty-eight of them (32 boys and 36 girls) were identified to be mathematically gifted; One hundred and ninety-five (75 boys and 120 girls) and thirty-seven (18 boys and 19 girls) were identified to be average and gifted underachievers respectively.
Procedure for classification of students
In the study two instruments RAVEN's Standard Progressive Matrices (SPM) and Mathematics Achievement Test (MAT) were administered on the selected 300 JS3 students. Those students who scored high on both RAVEN's SPM test and MAT test were defined to be mathematically gifted. Sixty-eight students from this group participated in the present study, and they are called the mathematically gifted group. The study further defined gifted underachievers as those who scored high on RAVEN's SPM but low in MAT. This group was made of 195 students and they are called the underachievers' group in this study.
The study defined average pupils as those who scored average in both RAVEN's SPM and MAT. This group behaved moderately in both general intelligence and mathematics achievement. This group in this study was made up of thirty-seven students and hereafter they are referred to as the average group.
Instruments
Three instruments were used in carrying out this study. The first instrument was an adapted RAVEN's Standard Progressive Matrices (SPM). It was a non-verbal assessment of general intelligence in people, applicable to people aged 5 years and over. It consisted of 60 multiple-choice items designed to measure a person's ability to form perceptual relations and to reason by analogy independent of language and schooling. It was a group-administered intelligence test, of about 40 minutes duration, that has been widely used by researchers all over the world.
The second instrument was a self constructed Mathematics Achievement Test (MAT) that covers the Junior Secondary School Mathematics Syllabus. It was made up 50 multiple choice objective test items. The initial number of items constructed by the researcher was 80 items. This was trial tested using 50 students of a junior secondary school III that is based in the Osun Central Senatorial Constituency. The psychometric properties of the 80 items were determined and 50 items whose difficulty index and discrimination index falls between 0.45 and 0.85 and 0.40 and above respectively were selected. The MAT mainly tested the students' mastery of the Junior Secondary School mathematics syllabus. The selected 50 items made up the final 50-minutes test.
The third instrument was an adapted Fennema and Sherman (1976) Attitude Scale (AS). Fennema and Sherman (1976) constructed an attitude scale towards mathematics, which has become 'one of the most popular instruments used in research over the last three decades' (Tapia & Marsh II, 2004) . The scale consists of nine subscales: Attitude Toward Success in Mathematics Scale, Mathematics as a Male Domain Scale, Mother Scale, Father Scale, Teacher Scale, Confidence in Learning Mathematics Scale, Mathematics Anxiety Scale, Effectance Motivation Scale in Mathematics, and Mathematics Usefulness Scale. Each of these subscales consists of 12 items. Six of them measure a positive attitude and six measure a negative attitude.
The original Fennema-Sherman scale might be too long and too time-consuming for JS 3 students. It is also observed that the wordings might not be appropriate for the Nigeria (Osun State) context due to cultural differences. So instead of directly using the foreign scale, the present author adopted the use of the factors Fennema and Sherman had proposed.
In this study the researcher made use of only four of the nine sub-scales that is believed to be the most relevant to the learning of JS 3 students in Osun State. They are: confidence in learning mathematics, anxiety, motivation, and perceived usefulness of mathematics. In this study the factor of 'anxiety' was expanded to 'negative feelings towards mathematics' since other negative feelings such as hatred and indifference should also affect attitude towards Using the definition giving to the four selected factors in this study, a 17-items questionnaire that is relevant to Osun State JSS context was designed. Students were instructed to indicate their degree of agreement to each of the 17-item statements. The options were: Strongly Disagree = 1, Disagree = 2, Agree = 3, Strongly Agree = 4
Piloting the Instrument in a Local School
The constructed 17-items questionnaire was piloted with 50 students of a junior secondary school III that is based in the Osun Central Senatorial constituency. There were 27 girls and 23 boys. The questionnaire was written in the English language. The wordings were simple enough for JS 3students to understand correctly. Pupils were also allowed to ask questions in case they had problems in filling in the questionnaire.
Missing values were handled by list-wise deletion, that is, if the pupil did not respond to one or more of the 17 items, the whole case was deleted. There were five such cases, so the number of valid cases was reduced to 45.
Items 15, 16 and 17 were about negative feelings towards mathematics, and so were reversely coded in the data analysis. The minimum, maximum, mean and standard deviation of the item scores are as follows (Table 1) . <Table 1 about here> As used in the study, with the four point Likert scale (1 for strongly disagree, 2 for disagree, 3 for agree, and 4 for strongly agree), items with means below 2.5 were considered to be on the 'disagree' side, while items with means greater than 2.5 were considered to be on the 'agree' side and vice versa for items structured in the negative.
So Q3 (I am very gifted in mathematics.), Q9 (I like reading math and related books.) and Q13(I am always ready to spend extra time to think about a math problem until I have solved it.), Q15 (I have fear for math tests.), Q16 (Math is of no use.) and Q17 (I don't want to do any math related jobs in the future.)
. were on the 'disagree' side, while the other items were on the 'agree' side. Hence, pupils tended to disagree with Q3, Q9 and Q13, Q15, Q16 andQ17, while they agree with the other items. Q3 (I am very gifted in mathematics.) was the most disagreed item, with mean 2.20. Q4 (Math is very important in daily life.) was the most agreed item, with mean 3.45.
Reliability of the Attitude Scale
To determine the reliability of the AS Statistical Package for Social Sciences (SPSS) was used and thus the item-total statistics for the pilot study were found to be as follows: <Tables 2 & 3 about here> As shown in Table , all corrected item-total correlations were greater than 0.4, showing that all the items were "good" items in the sense that if a pupil scored high in a certain item, then he/she was also likely to score high in the total score of the questionnaire.
The 17 items were supposed to measure the attitude towards mathematics of the junior secondary school students. Within this construct of attitude towards mathematics, four factors were hypothesized, namely 'Confidence', 'Value', 'Interest & Commitment' and 'Negative Feelings'. Items were categorized as follows:
This four-factor structure of attitude was put to test by confirmatory factor analysis using the computer program LISREL8 (Joreskog & Sorbom, 1993) . Results were show in Table 4 . <Table 4 about here> As it was contained in the original design of the questionnaire each of the items were related to one factor. The result relationship as revealed in the Table4 shows that all factor loadings were larger than 0.6. (The absolute values of factor loadings always lie between 0 and 1. The closer the absolute value of a factor loading to 1, the more relevance the item is to the factor, and hence the better the item will be.)
The goodness of fit measures, such as GFI, AGFI, NFI and CFI with the values (1.00, 0.99, 0.97 and1.00) respectively are greater than the cut off value of 0.95 indicating that the four-factor model fits the data well. Therefore the overall goodness of fit can be accepted. From Table5 it could be observed the four factors are moderately correlated, with correlation coefficients from 0.59 to 0.81. Hence the four-factor model of the attitude-scale towards mathematics was confirmed by the confirmatory factor analysis, thus establishing the construct validity of the instrument. Table 12 .1 above also shows the statistics of the four factors as assessed by the partial sums. The total score of the attitude scale was the sum of scores of all the 17 items (Chart 12.2). The mean score was 60.29, and the standard deviation was 11.45. Table 7 presents the correlations among the four factors and the total score all correlations are significant at 0.01 level. <Table 7 about here> Considering the 68 identified mathematically gifted students the following statistics as presented on Table 8 was obtained. From the Table 8 it could be observed that all the means of the gifted group (n = 68) are greater than the whole group mean (n = 300). The total minimum score of 46 and maximum score 67 is an indication that all the students identified in this study as being mathematically gifted tends to be more positive in all the attitudes concerned when compared with the whole sampled group. This was further strengthened by the group mean attitudinal value of 60. 29. <Table 8 about here> From Table 9 it could be observed that all the means in the underachieving group (n = 37) are smaller than those in the whole group (n = 300). This indicates that the underachievers tend to be more negative in all the attitudes concerned as compared with the whole sampled group. <Table 9 about here> The average group represented the students with average abilities in the sampled population. It could be observed in the Table 10 that except the mean of question 17 all other mean are are smaller than those in the whole group. But with the total mean value of 51.44 the group tends not to have negative feeling towards all the attitudes concerned when compared with the whole sample.
ANOVA with Scheffe multiple comparisons, was then used to test the differences among the three ability groups, [the mathematically gifted (MG), the underachieving (U), and the average (A)]. The results were presented in Table 11 . <Tables 10 & 11 about here> It could be observed in the Table11, that the mathematically gifted group has significantly better attitudes, at 0.05 level, than the average and underachiever groups in all the four factors of attitudes towards mathematics that was considered in the study and also in the total score. Thus hypotheses 1 and 2 were rejected. The Table also presented the fact that the underachieving group has better significant attitude in 'confidence', but poorer attitudes in 'value', 'interest', 'negative feeling' and the total score as compared with the average group, and all these differences are significant at 0.05 level. It could therefore be concluded that the underachievers have the least value, interest and commitment in mathematics as well as having the greatest negative feeling towards mathematics
Discussion
It was found from the study that the mathematically gifted group has significantly better attitudes than the average group in all the four factors of attitudes towards mathematics ('Confidence', 'Value', 'Interest' and 'Negative Feeling') , and also in the total score of the attitude scale. This suggests that the mathematically gifted student: (i) is certain of his/her abilities in mathematics and has trust in getting good mathematics results; (2) considers mathematics to be useful to himself/herself; (3) likes to give his/her attention to mathematics and to learn more about mathematics; is willing to give his/her time and energy to mathematics, has a firm decision to finish a mathematics problem, course, study, etc.; and (4) has less negative feelings towards mathematics, such as anxiety, indifference, disgust and despise. All these help the student to develop his/her giftedness in mathematics. It was also found out that the mathematically gifted pupils had greater interest and commitment. Regarding perceived value of mathematics, the mathematically gifted pupils tended to see mathematics as a useful subject with many applications, such as career applications, daily life applications, mathematically specific applications, applications in all areas of life, and applications as a tool for learning other subjects. Interestingly, it was also discovered that the mathematically gifted pupils preferred more challenging mathematics problems. They might find the daily mathematics problems too easy or too routine. They preferred to have more challenging problems in class, posed by teachers or peers.
Are these characteristics inborn and predetermined? Or can they be nurtured? This nature-nurture controversy has aroused much debate among academics for many decades. While many people maintain that giftedness is very largely predetermined, the present author believes that some of the abilities possessed by gifted students can also be nurtured in other people, and there is still some room for teachers and parents to do to help. According to the present study, mathematically gifted students do have some very effective strategies in dealing with mathematical problems. Many of these strategies can actually be learned by other students. This can enhance their ability to solve mathematical problems. Note that many such strategies can be taught and learnt. For example, teachers can teach students to spend more time to decode a problem rather than hurrying to give an answer, and make this a habit of the mind; teachers can teach their students to use educated or systematic guesses, and to check their answers and conclusions constantly, and so forth. 
